In this work, we analyze the behavior of a neuronal network when it is stimulated by a synaptic train current with variable frequency. Using the fact that resonat (type II) neurons have a preferred input frequency, we constructed a network formed by two groups of neurons, each one responding to a different eigenfrequency. We show than even though every neuron is locally connected with neighbors of both groups, only those properly tuned to the input frequency fire synchronically with the incoming signal. In this sense, given a fixed sized network of heterogeneous neurons different subsets respond to the stimulus depending on its frequency.
INTRODUCTION
Brain networks have evolved to detect and process complex signals in a way that assure their survival. In recent years it has become clear that distinct pieces of information are not represented in the brain by a single dedicated neuron (the so-called grandmother neuron, which only fires when the observer sees her grandmother), but by populations of neurons that respond in a synchronized way to given signals [1] . One way in which this might be accomplished is by tuning different subsets of neurons to distinct input frequencies. In that way, a complex multicomponent signal could elicit the response of distinct collections of neuronal groups, which univocally represent the input signal. However, these different subsets of neurons will likely be densely interconnected and intermixed with each other, thus it remains to be seen if a combination of differently resonant neurons, thickly coupled to each other, is able to differentially respond to distinct input frequencies. This is not a trivial question, since coupling between neurons of different groups might in principle modify their response characteristics (including the location of the resonances), and this could elicit responses in unintended neurons.
To test the conjecture established above, we constructed a network of resonant (type II) neurons, consisting of two different groups that respond preferentially to different input frequencies. The response of isolated neurons to varying frequency inputs as a mechanism for selective communication was suggested by Izhikevich [2] , and has been studied in detail in Ref. [3] . Previous studies in this direction were published by Segundo, Stiber and co-workers [4, 5] . The results shown below constitute an extension of the phenomenon to coupled networks of neurons.
SIMULATIONS Neuron model
We consider neurons whose dynamical behavior is described by the Morris-Lecar model [6] , 
In this expression, g a (a = Ca,K,L) are the conductances and V% the resting potentials of the calcium, potassium and leaking channels, respectively. We define the following functions of the membrane potential:
where VM\, VM2, VWI and Vwi are constants to be specified later. In the absence of noise, an isolated Morris-Lecar neuron shows a bifurcation to a limit cycle for increasing applied current 7 a pp [7] . Depending on the parameters, this bifurcation can be of the saddle-node or the subcritical Hopf types, corresponding to either type I or type II excitability, respectively. Type II neurons respond preferentially, in a resonant way, to certain non-zero input frequencies [3] , and will be used in the network described below. The specific values of the parameters used are shown in Table 1 [8] . For these parameters, the threshold value of the applied current under constant stimulation is 46.8 fiA/cm 2 for type II.
Synapsis model
In this paper we analyze the behavior of a neuronal network driven by a synaptic current. To that end, we use the simplified model of chemical synapse proposed in Ref. [9] , according to which the synaptic current is given by
where g syn is the conductance of the synaptic channel, r{i) represents the fraction of bound receptors, and E s is a parameter whose value determines the type of synapse: if E s is larger than the rest potential the synapse is excitatory, if smaller it is inhibitory; here we consider an excitatory synapse with E s = 0 mV. The fraction of bound receptors, r{i), follows the equation
where
[T] = T max 9(T(, + T syn -t)6{t -TQ)
is the concentration of neurotransmitter released into the synaptic cleft by the presynaptic neuron, a and /3 are rise and decay time constants, respectively, and 7b is the time at which the presynaptic neuron fires, which happens whenever the presynaptic membrane potential exceeds a predetermined threshold value, in our case chosen to be 10 mV. This thresholding mechanism lies at the origin of the nonlinear character of the synaptic coupling. The time during which the synaptic connection is active is roughly given by T syn . The values of the coupling parameters that we use [9] are specified in Table 1 . The equations were integrated using the Heun method [10] , which is a second order Runge-Kutta algorithm for stochastic equations.
NUMERICAL SETUP
In a previous work [3] it was shown how a Morris-Lecar neuron responds to periodic synaptic inputs of varying frequency. The response of the neuron can be represented by a response diagram, showing the minimum excitation amplitude (represented by the synaptic coupling when we stimulate with synaptic currents) versus the frequency of the synaptic input. For type II neurons, the threshold input amplitude necessary to elicit spiking is minimum for a non-zero resonance frequency f ms . This value is related with the frequency of the subthreshold oscillations, as analyzed in Ref. [3] . The frequency f ies depends on the model parameters. In particular, in Morris-Lecar neurons, it is related with the dynamics of the slow variable W, and can be controlled by the parameter 0. Figure 1 plots the response diagram for two different types of neurons. The results show that, depending on the value of the parameter 0, the preferred spiking frequency f ms takes different values. In this plot we only show the boundary of the 1:1 spiking region i. e., when the neuron spikes with the same frequency of input stimulus. We can see that depending on the strength of the synaptic coupling (or the amplitude of the synaptic current), we can tune the network in order that the spiking activity of one neuron would produce synchronous activity (or zero activity) on its neighbors neurons. This is the central idea of this paper: using the information given by the frequency dependent activity of one neuron, one can construct a network with global properties, such as for example, the ability of coding features spatially under certain input stimuli. Taking this into account, we constructed a square network with nearest neighbor coupling, containing two kinds of group neurons: one group (composing the number "1") is characterized by a value of 0 = 1/55, which leads to a resonance frequency f ms = 6 Hz; the other group (composing the number "2") has 0 = 1/15 and f ms = 18 Hz. We choose three different values of the coupling strength: the neurons of group which form the number "1" are coupled to each other with a strength given by g syn = 0.40 nS, the internal coupling among group cells forming number "2" has strength g syn = 0.15 nS, andg syn = 0.01 nS for the rest of connections. A synaptic input train with two alternating frequencies, 6 and 18 Hz, stimulates two neurons of the array. A scheme of this arrangement is shown in Fig. 2 .
• Activate to 6Hz The response of the array described above to the frequency-varying input is represented in Fig. 3 , which shows the temporal series of a representative neuron of each group within the array. We can see how the response of the neurons alternates following precisely the variations in the input frequency, in such a way that a set of neurons only fire (synchronously) when the input frequency is 6 Hz, and the other group fires when the input frequency is 18 Hz. A similar selective response could be elicited for frequencies subharmonic of those two values considered here, provided the signal amplitude is large enough, as shown by the minima occurring at those frequencies in Fig. 1 . This result illustrates that a fully connected network can host dynamical subnetwork activity in response to different types of input signals.
Finally, in order to illustrate the activity of the network taking into account the geometry of the array and the pattern generated by the subnetworks of synchronous neurons, we plot the activity of all the neurons in Fig. 4 in response to a given frequency varying synaptic current. We observe how the numbers "1" and "2" are formed alternatively in response to the different frequencies of the input.
CONCLUSION
Brain networks are subject to wide range of different signals, and mechanisms of selective communication should exist to discern between them. Taking advantage of the frequency selectivity of type II (resonant) neurons, we show that a locally coupled neuronal network composed of two intermixed groups of neurons, each one of them responding preferentially to a given input frequency, responds selectively to the input frequency, in such a way the each one of the two groups is exclusively active when the input frequency coincides with the resonance of the corresponding group. The response of a single neuron to a varying frequency was studied in Ref. [3] . In that paper, the neuron was found to follow the input signal more or less adiabatically when the signal frequency entered the neuron's locking range for a given signal amplitude. Given those results, we expect that the neuronal network described here will act in the same way, with given subpopulations of neurons responding dynamically to that frequency to which they are resonant.
